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PLATE 1-REPRESENTATIVE METEORITES 


FiG. 1. Hexaiedrite, Mount Joy, Pennsylvania, sh 


owing characteristic Neumann lines 
found in low-nickel iron meteorites. Magnification, 4.4x. 

Fic. 2. Medium Octahecrite, Henbury. 
patiern, and a narrow band of altered m 
to atmospheric friction. 


Australia, showing typical Widmanstatten triangular 
aterial along the top, the effect of surface heating due 


Fic. 3. Coarse Octahedrite, Canyon Diablo, Arizona, showing Widmanstatten rectangular 
pattern, and distortion in the region of hard inclusions 

Fic. 4. Medium Octahedrite, Spearman, Texas. and exceptional specimen, showing grayish 
Kamacite plates with distinct taenite borders which appear white. Material within triangles 
is plessite, a mixture of taenite and kamacite particles. Magnification, 6.4x. 
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MICROHARDNESS TESTING OF IRON METEORITES 
By F. K. DALTON 


(with Plates I and IT) 


URING the past two years, the writer has been investigating 

the hardness of meteorites by a new and highly refined method, 

now in use for testing metals, by which measurements can be made in 

extremely small areas; and thus he has obtained much valuable 

information on the structure of meteorites which has not been pos- 
sible heretofore. 

A meteorite is the remnant of a fireball which has survived the 
severe reducing effect of friction and heat in rushing through our 
atmosphere, and has fallen to earth. According to Dr. C. A. Bauer 
of the University of Michigan Observatory, in an address before the 
Toronto Centre of the Society in December 1948, meteorites are 
fragments of the exploded planet which presumably once existed and 
followed an orbit between those of Mars and Jupiter. Stony meteo- 
rites, composed of rock, are thought to have come from locations 
near to the surface of that planet whereas the iron meteorites may 
have come from the interior. 

Iron meteorites are classified in three groups according to the 
proportion of nickel that is in the iron, namely: 

1. Hexahedrites—less than 6 per cent. nickel. These do not show distinct 
crystal structure but, upon polishing and lightly etching, show numerous 
systems of parallel fine straight lines resembling scratches. Figure 1. 


2. Octahedrites—6 to 12 per cent. nickel. These show distinct crystal pat- 
terns, known as Widmanstiitten figures. They consist of plates of low-nickel 
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iron, called “kamacite”, each having borders of higher nickel iron, known as 
“taenite”. Figures 2 and 3. 

3. Ataxites—nickel rich, 12 to 20 per cent.; or may be nickel poor, below 
6 per cent. These do not have any definite crystal structure and upon polishing 
and etching they are featureless—practically homogeneous. 

Any of the above types of iron meteorites may contain inclusions 
of foreign matter of varying degrees of hardness which, in octahed- 
rites, may interfere with the crystal pattern. (See figure 3) 

As, according to the present theory of origin, meteorite material 
will have been formed from the molten mass many eons ago and has 
been cooling very slowly for countless ages, it is not surprising that 
meteorites have developed characteristics in their composition and 
crystal structure that are distinctly unique and in marked contrast to 
the corresponding material and crystal structure developed artifi- 
cially where cooling is relatively very sudden. Thus the taenite 
borders of kamacite crystals, figure 4, are recognized as an earmark 
of an iron meteorite. The existence of nickel in the iron also is a 
feature, its absence, in fact, being proof of an artificial product. 

Study of the chemical and physical properties of these steels 
produced by Nature has caused theories to be advanced as to the 
processes by which they were very slowly formed, and important 
among the physical characteristics is the hardness of these materials. 
Hardness tests usually have involved the indentation of the material 
by an extremely hard tool under a given force, measurement of the 
indentation and reference to a scale of values. These indentations, 
however, have in the past been so large that the hardness of very 
small areas—the taenite borders and small inclusions, for example 
—has not been possible to measure since the results would be con- 
fused by the hardness of other materials in nearby or surrounding 
areas. That method of test, therefore, has limited the knowledge of 
hardness to areas which were large enough to allow imprints to be 
made. 


MICROHARDNESS 


The new method of measuring hardness, which has now been 
applied to iron meteorites for the first time, is to impress upon the 
surface of the specimen a very small accurately formed diamond 
point, known as the Knoop indenter. This gives a minute indenta- 
tion, the dimensions of which are measured under a microscope. The 
loading on the indenter for most of this investigation was 500 grams, 
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OL 
softer materials, however, the lower loading of 100 or 200 grams 
proved more satisfactory. 


with a magnification, for measurement, of 250. For some oi the 


This procedure is known as “Microhardness Testing”, and the 
degree of fineness that is obtained by this method is well worthy 
of consideration. In very hard materials, such as some inclusions 
found in Canyon Diablo meteorites, the impressions are so small 
that twenty readings can be obtained, side-by-side, in a lineal dis- 
tance of 0.01 inch. In softer materials, where the indentations would 
be larger, probably six or seven impressions could be made in the 
same distance. The tests are not usually made quite as close together 
as this but even allowing spacing equal to the width of the impres- 
sions, the number of readings possible in a given length would be 
at least thirty times as many as by other methods of hardness test- 
ing used in recent years. 

Microhardness testing, therefore, provides a means so highly 
refined in detail that it now makes possible, for study, information 
that has never before been available, such as explorations in very 
small areas and short detailed traverses from one material into 
another, as from kamacite into taenite, or into hard inclusions. The 
variations in hardness can now be studied as one material approaches 
or blends with another with gradually changing proportions. Even 

| many narrow taenite borders are quite wide enough for reliable 
readings to be obtained, and the flakes of nickel-iron found common- 
ly in stony meteorites may have their hardness determined accurately. 
: The Knoop indenter is applied to the specimen by a mechanical 
; device which eliminates the personal element as to the pressure 
. applied and the period of application, thus adding a high degree of 
F consistency to the measurements. Perfect registration between the 
. position of the indenter and that of the microscope allows the loca- 
tion to be selected on the specimen, the indentation to be made, and 
then the specimen to be returned to the original position for measure- 
ment of the impression. Thus a series of readings, constituting a 


‘ traverse, can be made quite quickly in any chosen area. 

F Microhardness usually is expressed in the Knoop scale, the 
‘ smaller impression, under a given loading, indicating a greater hard- 
‘ ness and being represented by a higher number in the scale. The 
x readings, however, may be converted to the well known Brinell or 
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Rockwell scales of hardness if desired, or to Moh’s hardness scale 
tor minerals but this scale can hardly be considered suitable now 
for metals in the light of the more modern methods in use. 


CoMPARISON OF HarRDNEss SCALES For METALS 
AND Mon’s ScALeE For MINERALS 


Knoop Brinell Rockwell “B” = Rockwell “C” Moh’s 
100 90 38 
200 180 89 8 4.2 
300 270 105 29 4.6 
400 350 112 38 5.0 
500 430 47 §7 
600 510 es 54 6.2 
700 590 - 60 68 
800 660 ea 66 7.1 
900 730 71 7.3 

1000 800 75 

1200 920 7.9 

1300 980 8.1 

5500-6950 Diamond 10. 


Impressions 


Knoop — by special diamond indenter. 

Brinell ~- by steel ball. 

Rockwell — by steel ball or diamond pyramid. 
Moh’s — by scratch (not suitable for metals) 


RELATIVE HARDNESS 

By quantitative chemical analyses the proportion of nickel in 
the different meteorite materials has been determined in numerous 
specimens which have fallen at various locations on the earth, and 
in different ages. When it was found that Widmanstatten patterns 
occurred only in iron octahedrites having a certain range of nickel 
content, meteorites were then classified in the three groups men- 
tioned previously. Those with lower nickel percentage than the 
octahedrites were called “hexahedrites” while those richer in nickel 
were known as “ataxites”, though some very low nickel-irons appear 
to be like the latter—featureless and homogeneous—and were in- 
cluded under this name rather than with the hexahedrites. 

From this investigtion, it now is evident that hardness of the 
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iron increases with the nickel content. The hexahedrites are quite 


‘consistent at about 180 on the Knoop scale. Kamacite in the octahed- 


rites, having higher nickel, has hardness of approximately 260 while 
the still higher nickel-iron of taenite borders in octahedrites is much 
harder, ranging from 430 to 750. These materials may be compared 
with well known artificial steels, as follows, and it will then be seen 
that the natural steels are of very high grade indeed. 


Structural Steel . . . . . 170 } 
Spring Steel . . ... . 290 Knoop hardness 
Tool Steel, annealed . . . . 305 


Ataxites have not yet been included in this investigation. They 
appear to be fairly homogeneous material so microhardness testing 
in this case may not have any great advantages over the Rockwell 
or Brinell methods. 

The inclusions in Canyon Diablo octahedrites, figure 3, are not 
steels but show remarkable hardness in comparison, 1100 - 1360 
Knoop. They are known to be schreibersite, Ni, Fe, P, and cohenite, 
Ni, Co, Fe, C, which materials are similar in appearance and both 
are very hard, though differing considerably in brittleness. 


HEXAHEDRITES 


A large number of tests were made on hexahedrite material, 
figure 1, the type of meteorite with the lowest nickel content in the 
iron. Some of the impressions are shown in figure 5, from which it 
may be determined that the basic material is about equally hard 
for all directions of imprint by the indenter—i.e., the impressions 
are about equal in size—showing a Knoop hardness of 180, a rather 
low grade of kamacite. 

However, when the indenter was placed along the characteristic 
Neumann lines of the hexahedrite, a slightly increased hardness 
usually was found, rising as high as 229. This would suggest that 
these lines are not of the nature of cracks or weakness but rather 
tend toward the characteristics of the harder kamacite which forms 
the basic material of the octahedrites, and indicating by this feature 
a somewhat higher nickel content than the basic iron of the hexahed- 
rite itself. 

From the microphotograph of figure 5, it is seen that these 
characteristic lines have discernible width so they may contain a 
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different grade of material from that found beside them and over 
the main areas. A chemical analysis of this material, if a sufficient 
amount of it could be isolated, would likely give some interesting 
information as to composition and proportion of elements present. 


OCTAHEDRITES 


The iron meteorites which, upon etching, show the Widman- 
statten pattern, i.e., the octahedrites, figures 2 and 3, undoubtedly 
are the most attractive varieties. This pattern consists of kamacite 
plates bordered by taenite, a higher nickel lamella, and also having 
a mixture of these materials, known as “plessite”, in various small 
areas in the interstices between the plates which form the pattern, 
all shown by enlargement in figure 4. Whereas, by previous methods 
of test, it has been shown that kamacite is softer than the taenite 
border, and is less resistant chemically, the manner in which the 
former increases in hardness as it approaches the latter, as now seen 
in figure 6, had not been clearly shown. It will also be seen from 
this graph that the taenite lamellae increase in hardness from the 
edge to the centre, when approaching from either side. Thus there 
is a gradual increase in hardness from the kamacite basic material 
to the taenite border and across it to the centre of the lamella. 

Traverses of this nature are now possible with this modern 
method of hardness testing and should prove-of value in exploration 
of meteorite etched surfaces in showing variation. These studies will 
undoubtedly provide basic information in developing satisfactory 
theory as to the origin, and distribution by motion, of the chemical 
elements within meteorites. 

The hardness of taenite covers a range of values. This, then, can 
be explained by the graph of figure 6, for the hardness reading 
evidently depends upon the width of the taenite border, and the 
distance of the indentation from the edge of it. 

In the investigations, hexahedrite material and the kamacite areas 
of octahedrites at distances exceeding 0.01 inch from the taenite 
borders and inclusions, appear to be fairly uniform and independent 
of the direction of the indentation. In taenite, however, the hard- 
ness reading apparently depends upon the orientation of the indenta- 
tion as one factor. The reason for this may be explained by reference 
to figure 6. When the indenter is placed centrally in the taenite band, 
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and on or parallel with the centre line of the band, the highest read- 
ing may be expected, but when the indenter is turned in any other 
direction, it is pressing into some of the softer material toward the 
edges of the taenite and hence will indicate a lower hardness. 


800F 
Canon Diablo 
Q 
S400} 
kamacite komacite 
+004 :008 012 014 
Inches 


Yoo inck 
Fic. 6. Traverse Test across Taenite, showing that hardness of kamacite 
basic material increases in proximity of taenite, and that the latter is harder in 
its central region than toward its edges. 
The study of hardness variations within taenite borders can now 
be carried on by means of microhardness testing, and this field of 
investigation should produce some very enlightening information. 


CANYON METEORITE 


In the neighborhood of the large crater in Arizona, near Canyon 
Diablo, many iron meteorite fragments have been found. These, al- 
most invariably, contain extremely hard inclusions, consisting of 
schreibersite and cohenite, which also are strongly resistant to 
etching agents, and, in fact, small diamonds have been discovered in 
some speciments found in this location. 

When the writer was cutting one of these fragments, with a 
section area of about 2.4 square inches, he destroyed eight special 
hacksaw blades in doing so. The extreme toughness of the material 
suggested an investigation of the hardness of these inclusions and, 
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by means of the Knoop indenter, some very interesting early results 
were obtained. The inclusions were proved to be as much as seven 
times as hard as good structural steel, and in chemical tests they 
refused to dissolve in, or even to have the polish of their surfaces 
dimmed by strong nitric or hot hydrochloric acids which vigorously 
attacked the kamacite and taenite. 


A ~ . 
1200+ Canon Diablo 
B 
/000;- 
inclusion border area 
| Akamacite 
B 
200 A 
oO 


Inches 


Yoo 


Fic. 9. Canyon Diablo Meteorite, traverses showing variations in hardness 
from kamacite into: “A’’—inclusions with extremely narrow borders. “B’”—in- 
clusions with “wide” borders. 


In some specimens from Canyon Diablo, there is an extremely 
narrow border, 0.0001 inch, around each inclusion whereas in other 
specimens from the same location, there is a very much wider 
border, 0.008 inch approximately. Traverse tests were made in each 
case, figure 7 and figure 8, respectively. 

In figure 7, the striking difference in size of indentations within 
the inclusion and in the kamacite basic material is clearly shown, 
their interpretation giving a ratio of hardness in this case of about 
6:1 on the Knoop scale. From a number of traverses into this type 
of inclusion, it has now been determined that the kamacite becomes 
harder the nearer it is to the inclusion, and the inclusion itself 
becomes harder toward its edge than in the interior. The test results 
are plotted in figure 9, curve A. 

In figure 8, a traverse through a “wide” border, the gradual 
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reduction in size of indentation indicates an increasing hardness. 
The measurements of this traverse are given in figure 9, curve B, 
showing the border to be much harder than the basic material and 
that the inclusion itself becomes softer toward the edge—not harder 
as in the former case. Measurements of these borders may give some 
very interesting information regarding their cause. 

The Canyon Diablo inclusions, though of extremely hard 
material, are very easy to separate from the mass by dissolving 
away the kamacite with hot hydrochloric acid but consequently may 
be difficult to analyse because of their high resistance to chemical 
action. Their transparency to X-rays is practically the same as that 
of the kamacite which surrounds them. 


ALTERATION OF SURFACE MATERIAL DvuE To 

When an octahedrite, having a Widmanstatten structure, is 
raised above 800° Centigrade, the pattern disappears, a dissolving 
action taking place. Therefore, one may expect to find some alter- 
ation in the surface material of a meteorite due to the heating by 
friction as it rushed through our atmosphere. An example of this 
is shown in figure 2, the altered material appearing as a narrow gray 
strip just inside the top edge of the specimen. 

An interesting traverse was made to determine the hardness of 


Henbury 
600-4 
QS00- 
300- |v 
. 
altered 
1090 le graduated 
band> 
Inches 


Fic. 10. Henbury Meteorite, variations in hardness across band of material 
seen in Fic. 2a. which has been altered due to surface heating by atmospheric 
friction, showing increased hardness. 
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the altered material, and the results are plotted in figure 10. Com- 
mencing at the surface of the specimen, the hardness remains high 
and consistent across the altered band. It then decreases slowly as 
the graduated band is crossed until the unaltered material is nearly 
reached and then the hardness drops suddenly to the unaltered 
value. From these tests, the material evidently has hardened as it 
was heated, rather than being annealed. The altered band is about 
60 per cent. harder than the original material. 

The illustration of figure 2, together with the results of the 
traverse test, figure 10, would indicate that the heating by air fric- 
tion is limited to the material very near the surface. 


CONCLUSION 


This investigation by microhardness testing has given information 
which in fineness of detail and in accuracy could not be equalled by 
previous methods, and in applying the method to the testing of 
meteorites, the writer has opened a new field of study and has ob- 
tained data which throw a new light upon meteorite structure. 

The proof that kamacite becomes harder in the proximity of 
taenite borders or near inclusions appears quite definite. The vari- 
ation in hardness found within taenite seems quite consistent with 
the theory of very gradual change from taenite to kamacite in form- 
ing the Widmanstatten pattern. The increase in hardness within the 
characteristic Neumann lines of the hexahedrite is also evident; 
probably these lines are tending toward taenite in composition and 
hardness but, not being such wide bands, do not reach the same 
value. The physical change in surface materials in meteorites due to 
heating while travelling through the earth’s atmosphere has been 
explored, and information is clearly defined showing the increase in 
hardness of the altered material. ; 

Comparison of the graphs of hardness of the “wide” borders 
surrounding some Canyon Diablo inclusions, figure 9, curve B, 
with that of the altered surface material in the Henbury octahedrite, 
figure 10, shows remarkable similarity in the proportionate increase 
in hardness in both cases and also in the shape of the graphs. In the 
Henbury meteorite, the alteration, undoubtedly, is due to surface 
heating, caused by atmospheric friction. It would then appear that 
the borders around these Canyon Diablo inclusions may also consist 
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of altered material of the same nature, caused by the inclusions hav- 
ing become exceedingly hot by some internal chemical action after 
the surrounding kamacite had cooled. As the inclusions contain some 
non-metals—carbon and phosphorus—which may at first have been 
intimately mixed with other elements, it could be that under the 
extremely high pressures, over a long period of time, chemical com- 
bination has started, and has proceeded through the small masses— 
in much the same manner as action progresses in a mixture of iron 
filings and sulphur powder when once started by heat—to form the 
new compounds, schreibersite and cohenite, and has given so much 
heat to the surrounding kamacite that it was altered, producing the 
borders of a granular nature like the altered material in the Hen- 
bury meteorite. This may be the manner in which the borders have 
been formed, as deduced from these physical hardness tests. Further 
measurements may give more information which will agree with this 
theory. 

The procedure now will be to make similar tests on a variety of 
meteorite specimens in order to establish the nature of the changes 
in hardness under different conditions, and to draw lines of con- 
sistency or comparison between meteorite materials from different 
localities. 

The investigation described in previous paragraphs was initiated 
by the writer, about two years ago, in a desire to obtain hardness 
information on the inclusions in a Canyon Diablo meteorite which he 
had found much difficulty in cutting, and the results of the first tests, 
submitted to several observatories and other authorities on meteo- 
rites, proved so interesting that he has been inspired to continue 
the studies. With the co-operation of Dr. H. H. Nininger of Win- 
slow, Arizona, a leading authority on meteorites, in supplying speci- 
mens for test, and especially of a fellow engineer, Mr. H. Thomas- 
son of Hamilton, Ontario, without whose valued assistance in 
making the measurements the study could not have been pursued, 
the writer has obtained data on the physical properties of iron 
meteorites which, apparently, have not before been measured and 
which, by further investigation, may enlarge the fund of knowledge 
on this subject and prove to be a worthwhile contribution of ad- 
vanced information on meteorites. He wishes to take this opportunity 
to express his gratitude to Dr. Nininger and to Mr. Thomasson for 
their advice and assistance. 
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CONCERNING THE SOURCE OF GALACTIC RADIO 
NOISE 
By E. WILLIAMSON 


LTHOUGH the existence of radio-frequency radiation from 
the galaxy has been recognized for more than fifteen years, and 
considerable observational work has been done in surveying the 
distribution of this ‘‘galactic noise’’ with respect to direction in 
various frequencies, no completely satisfactory explanation for its 
cause has yet been advanced. The only hypothesis sufficiently 
definite to be susceptible of an observational test is that first ad- 
vanced by Reber', and then by Henyey and Keenan’, which attrib- 
utes the galactic noise to emission from the so-called free-free 
transitions of electrons in the field of protons in interstellar space. 
At first glance, a direct approach to the problem would seem ade- 
quate: from known astronomical values of the properties of the 
interstellar material, we should be able to calculate the expected 
frequency-variation of the specific intensity of the galactic noise 
from well-known formulae for emission from free-free transitions, 
and compare the results with observational data on the specific in- 
tensity of galactic radiation in different frequencies. But the obser- 
vational quantities required for this test are exactly those which 
are most uncertain: namely, the absolute values of the specific in- 
tensities. The observational difficulties involved have to do not 
only with absolute calibration of both receiver and antenna, but 
also with the fact that both the antenna pattern and the angular 
distribution of the source of galactic radiation are finite, and of 
comparable size. Moreover, a separate set of instruments, and 
hence separate absolute calibrations, are required for every frequen- 
cy to be used. In view of these difficulties, it is not surprising that 
the results of several investigations of this kind have been incon- 
clusive, and even conflicting.” 


12 


a 

4 


Concerning the Source of Galactic Radio Noise l 


In order to decide the question of the adequacy of the free-free 
transitions as a source of galactic noise, then, we require a method 
comparatively free of these difficulties. Such a method is in fact at 
hand; use can be made of existing measures of the geometrical ex- 
tent of the signals in galactic latitude to obtain a significant answer. 
Let us momentarily adopt the hypothesis that the free-free transi- 
tions in interstellar space are the source of galactic noise. From this 
we can make predictions of a simple nature about the apparent 
angular extent of the galactic radiation for different frequencies. 
It will be seen that these predictions are sufficiently striking in 
nature to allow a definite conclusion to be reached concerning the 
hypothesis on which they are based. To make these ideas definite, 
we shall idealize the emitting medium as a homogeneous isothermal 
slab of indefinite extent with the sun at or near the median plane, 
and we shall assume the radiation to be a result of local thermo- 
dynamic equilibrium. If the total opacity of the slab in the z-direc- 
tion is 27, at the frequency v, the angle @,(v) between the two lati- 
tudes (one above and one below the median plane) where the in- 
tensity drops to one-half its maximum value is given by 


sin 6;(v) (1) 
log, 2 

Now the quantity on the left hand side of the equation is directly 
susceptible to observation, and in fact is already fairly well known 
for a number of different frequencies. If the run of @,(v) with fre- 
quency is known, it is not difficult to determine from (1) the run of 
opacity with frequency, and to compare this with the frequency- 
variation of the opacity coefficient for free-free transitions, which is 
customarily quoted as: 


tT, (2) 


If we apply formulae (1) and (2) to the cases of the two extreme 
frequencies for which measures of the galactic distribution are 
available’, we see at once the fundamental inadequacy of the 
hypothesis of the free-free transitions. From Reber’s observations 
at 480 mc./sec., a value for 6,(v) of approximately 9° is required, 
corresponding to an opacity 7, of 0.055. But, according to equation 
(2); this requires an opacity at 20.5 mc./sec. of over 30. Thus, the 
radiation at this frequency should appear isotropic, whereas in 
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fact Jansky’s observations show evidence of a value for 4;(v) not 
exceeding 90°. It is extremely difficult to explain away this 
violent discordance by assuming errors in the observations; in 
particular, no reasonable assumptions of over- or under-estimated 
half-widths of antenna patterns can vitiate the argument. It is 
to be noted that no absolute intensity calibrations are made use 
of in the argument. 


Moreover, results obtained at other frequencies, using a variety 
of types of antennas and observing procedures, all support the 
conclusion that (2) cannot represent adequately the opacity of the 
radiating medium. This is illustrated in the following table, the 


GaALactic OPACITIES DERIVED FROM GEOMETRIC EXTENT 
oF GaLactic NOISE 


v Oo | 04 

(me./sec.)| Observer | (deg) | (deg.) | deg.) Ty 
20.5 | Jansky ge 0.49 
60 Sander 46 | 24 | 39 23 
64 Hey, Phillips, | } — 30 175 

and Parsons | 
160 Reber 19 7 | 18 ll 
205 Cornell 23 17 15% .088 
Group* | 
480 Reber 9% | 3 | 9 | 0.055 
| 


*Soon to be published. 


various columns of which show the frequency v, the observer, a 
value for the observed half-width (scaled from published data‘ at 
0° galactic longitude for definiteness) ©, the half-width of the 
antenna pattern 0,4, and the final value for the quantity 6;(v), 
determined by allowing roughly for the antenna pattern according 
to the relation 


= + (3) 


The last column gives 7, as derived from equation (1). These 
results are illustrated graphically in the diagram. Inspection of 
the figure in conjunction with the published observations® indicates 
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a fundamental disagreement between the observational data and 


the predictions of equation (2). Instead of following a 7, « 
relation as required by equation (2), the observations are better 
in accord with an empirical relation of the nature of r,« y~°". The 


observed slow variation of galactic half-width with frequency must 


10 20 40 60 80 100 200 400 00 800 1000 


Frequency, in me. /sec, 


The opacity of the galaxy from median plane to edge for radio radiation as 
a function of frequency, derived from geometrical extent of the radiation. The 
vertical lines show maximum uncertainty of the quantity. A line giving the 
“best”’ slope is shown (slope — 0.7); also, for comparison, a line of slope — 2, 
as required by the theory of free-free transitions, is shown. 


be taken as strong evidence against free-free transitions in the 
inter-stellar medium as the source of galactic radio noise, providing 
the hypotheses underlying the derivation of equation (2) are 
applicable. 
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The author is greatly indebted to Dr. F. S. Hogg for valuable 
discussion. 


David Dunlap Observatory, 
Richmond Hill, Ontario, 
December 21, 1949. 
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STARS—-GIANTS AND DWARFS* 
By K. O. WriGcut 


ASTRONOMY has progressed far when specific data concerning 
the dimensions and true luminosities of the stars have 
been obtained. Stars appear as mere points of light in the night 
sky, having definite positions but no apparent size. Who would 
have thought, a hundred years ago, that we would now have 
information not only about the intrinsic brightness of a star but 
also about its size, mass, density, and the composition of its atmos- 
phere as well as that of its interior? The scope of my subject is 
almost breath-taking and, of course, it will be necessary to restrict 
myself to the relatively few topics which seem of greatest interest 
to me. 


Stellar Magnitudes. When we look at the stars, the great range 
in light from the many faint stars to the few bright ones is imme- 
diately noted. Since earliest times, man has been interested in 
describing this difference in brightness. Pictures of star groups 
which indicate these differences by dots of varying size have been 
found, dating as far back as the stone age. However the idea of 
“stellar magnitude’ seems to have had its origin in Alexandria 
in Ptolemy’s Almagest (A.D. 137), though this work itself may be 
based in part on Hipparchus’ observations about B.C. 129. How- 
ever we cannot discuss here the work of the early observers or even 
of our contemporaries for that would be a lecture in itself. 

Hipparchus and Ptolemy divided the visible stars into six magni- 
tude classes, twenty of the brightest stars being called first 
magnitude, and the faintest stars, sixth. Modern methods have 
improved the observations greatly; it is now necessary to define 
the wave-length of light in which the measure is made; for example, 
with sensitive photocells magnitudes are determined to the second, 
and sometimes third, decimal place. However the scale is still 
the same. According to Fechner’s law, it is found that the eye 
appreciates intensity variations in a geometrical progression and 
the same light ratios appear the same to the eye whether the 


stars which are being compared are bright or faint. The adopted 


*A lecture delivered before the Victoria and Vancouver Centres of the 
R.A.S.C., January-February, 1949. 
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ratio is that of Pogson who, since the faintest visible stars are 
about one hundred times as faint as the average brightest stars, 
suggested that five magnitudes be set equal to the ratio of i00:1. 
Thus a first magnitude star is 2.512 times as bright as a second 
magnitude star, and 2.512 X 2.512 = 6.3 times a third magnitude 
star, etc. This scale is extended to very bright as well as very 
faint objects: the sun is — 267; full moon, — 125; Sirius, 
— 1%6; Vega, 0"1; and Betelgeuse, about 170; and the faintest 
stars which have been photographed during recent tests of the 
Hale 200-inch telescope are nearly twenty-third magnitude. 


Absolute Magnitudes. When we look at the sky on a winter's 
evening, we are immediately awed by the great group of bright 
stars in the vicinity of the constellation Orion. Do they seem so 
bright because they are close to us or because their intrinisic 
luminosity is very great? We know now that there are repre- 
sentatives of each type: Sirius is relatively close to us, being only 
8.6 light-years away and is only about 26 times as luminous as 
the sun, whereas Rigel is about 500 light-years away and is 15,000 
times as bright as the sun. 

In order to determine real luminosities, it is necessary to know 
the distances of the stars. This is one of the most difficult problems 
of astronomy and has been discussed many times. The funda- 
mental distances of the nearby stars have been determined by 
trigonometric methods using the earth’s orbit asa baseline. Photo- 
graphs of the star taken six months apart are compared and it is 
found that the close star has moved relative to the background 
stars, which are assumed to be very distant. This angular shift 
can be measured and is called the annual parallax; the distance 
is found to be: 

D = 206265 R/p = 3.26/p light-years (1) 
where R is the radius of the earth’s orbit and p is the parallax 
measured in seconds of arc. The parallax of Sirius is 0.386 but 
for most stars it is only a few thousandths of a second. For the 
more distant stars, other methods are available; dynamical paral- 
laxes are obtained from double star data; moving clusters give 
important information, as do colour indices, intensities of inter- 
stellar spectral lines and spectroscopic parallaxes, which we shall 
discuss in a few minutes. However most of the latter data depend 
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on the fundamental trigonometric, dynamical and moving cluster 
parallaxes, and further study of methods for determining the 
parallaxes of distant stars is required. 

The intrinsic luminosity of a star is usually given in terms of 
absolute magnitude which is defined as the magnitude the star 
would have if viewed from a distance of ten parsecs, which is 
32.6 light-years. 

If /,m, p, and d are the apparent luminosity, magnitude, parallax, 
and distance of the star, and L, M, P, and D refer to the values 
these quantities would have if the star were at a distance of ten 
parsecs, then, according to the definition of magnitude, 


l 
7” 2.512)"—™, or log 1/L = 0.4 (M — m). (2) 
But the apparent luminosity is inversely proportional to the square 
of the distance and therefore, 


Thus M — m = 2.5 log !1/L = 5 log D/d = 5 log p — 5 log P. (4) 
But since P = 0*’1 by definition, 


M=m-+5+-+ 5 log p (5) 
which is the well-known and fundamental equation giving the 


absolute magnitude of a star in terms of its apparent magnitude 
and parallax. 


The Russell Diagram. The study of absolute magnitudes is 
very interesting and important for the original terms, giant and 
dwarf, were considered in terms of stellar luminosities. Hertz- 
sprung was the first to make the suggestion that some stars are 
much more luminous than others but Russell was the first to prepare 
the diagram relating absolute magnitude and spectral class which 
now bears his name and which shows this relationship so clearly. 
Figure 1 contains these data for most of the stars which have been 
studied in detail. It is based on several lists of absolute magni- 
tudes; for the B- and early A-type stars, the data are derived in 
part from intensity measurements made by Dr. R. M. Petrie of 
this Observatory, some of which are not yet published; the main 
body of the diagram is based on Mount Wilson absolute magnitudes 
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published in 1935; data for the nearby stars, which are largely 
dwarfs, and those for the white dwarfs and sub-dwarfs were pub- 
lished by Kuiper. 

The principal features of the diagram are clear. There seem 
to be two main groups of stars: the main sequence which, for stars 
of later type are the dwarfs, constitutes the main diagonal and 
contains stars about zero absolute magnitude at B5 and stars 
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Fig. 1—The Relation between Absolute Magnitude and Spectral Type. 

This Russell Diagram is based mainly on Mount Wilson spectroscopic 
absolute magnitudes and spectral types but includes additional data by Wil- 
liams, Bidelman (reduced to the Mount Wilson scale), Petrie, and Kuiper. 
The scatter among the B-type stars is probably real but may be too large 
because the trigonometric parallaxes, on which many of the absolute magni- 
tudes are based, are subject to error. The two original branches of giants and 
main sequence (dwarf) stars are clearly distinguished but the addition of 
sub-giants and sub-dwarfs has made the gaps in the diagram less marked 
than early work indicated. N.B. The sizes of the dots are nearly proportional 
to the number of stars, the smallest representing one star and the largest, fifty. 
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about twelfth magnitude at M5; and the giants which are almost 
constant in brightness near zero absolute magnitude from GO to 
M5. There are also a few super-giants considerably brighter than 
other stars, about absolute magnitude — 5 at AO and — 4 at MO, 
with a slight decrease for intermediate classes; some sub-giants 
between the giants and the main sequence for G and K stars; a 
few sub-dwarfs, one or two magnitudes below the main sequence 
throughout its course; and some fifteen white dwarfs at the lower 
left-hand corner of the diagram. A further subdivision of the 
diagram—a group of stars just below the main sequence for A- 
and F-type stars—has recently been detected by means of accurate 
photoelectric colour observations, made by Eggen, of stars in the 
Hvades and Coma clusters, and this branch has been related to 
the so-called ‘‘metallic-line” stars. The scarcity of sub-dwarfs and 
white dwarfs may be an observational result since they are fainter 
than average stars, but the other gaps in the diagram—the lack 
of giants from A5 to GO, the so-called Hertzsprung gap, and the 
great break between giants and dwarfs of later types—can scarcely 
be observational and must be explained by any acceptable theory 


of stellar evolution. We shall discuss one possible theory a little 
later. 


Spectroscopic Parallaxes. It .s very interesting that giant and 
dwarf stars can be distinguished by their spectra, and it is very 
important for all statistical studies of our galaxy. When one first 
looks at a series of spectra, the first impression is that it would 
be impossible to group the spectra of all known stars into a rela- 
tively few classes according to their appearance or spectral type. 
However after examining spectrograms for some time the regulari- 
ties become quite obvious and some of our astronomers here can 
tell the type of a star from a single glance at its spectrum. The 
hot stars usually have relatively simple spectra, characterized 
chiefly by helium and hydrogen; in stars like our sun, the metals 
such as iron, titanium, and chromium, are predominant; while 
for cool stars much of the absorption is produced by molecules 
of titanium oxide, magnesium hydride, etc. The Harvard astron- 
omers developed classification criteria and Miss Cannon classified 
some 225,000 spectra to make up the Henry Draper catalogue. Other 
criteria and classifications have been devised but the Henry Draper 
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system is still! used as the basis for most other groupings. The 
Yerkes astronomers have been studying problems of stellar classi- 
fication during recent years and have developed additional criteria 
by which low-dispersion spectra of stars from eighth to twelfth 
magnitude may be classified, first according to temperature (spectral 
type) and then according to surface gravity (luminosity class).* 

Adams and Kohlschiitter discovered in 1914 that stars of the 
same spectral type often showed slight differences in spectrum, 
which they related to differences in intrinsic brightness—from 
which the terms ‘“‘giant”’ and “‘dwarf’’ were derived. It was found 
that lines of ionized metals, such as strontium, barium, and titan- 
ium, are usually stronger in the giant stars because of lower pres- 
sures and surface gravities. By comparing stars with known 
parallaxes, and hence known luminosity, they were able to develop 
criteria, accurate to about 0.4 in absolute magnitude, by which 
the luminosity of late-type stars could be estimated directly from 
their spectra. The problem is somewhat more difficult for early- 
tvpe spectra but, as indicated by the Russell diagram in figure 1, 
the extension is now being made to these stars also. The difficulty 
lies partly in the spectrum itself and partly in the fact that nearly 
all early-type stars are giants or supergiants; most of them are 
quite distant from us and their trigonometric parallaxes are not as 
accurate as might be desired. 


Stellar Diameters. The absolute magnitudes can be used to 
obtain approximate stellar diameters. The assumptions are basic 
for all work on stellar radiation and should be quite accurate if 
our theory is correct. We can determine the distribution of 
energy in the spectrum of a star, assuming that it radiates like a 
black body, according to Planck’s law, and so we can determine 
the temperature corresponding to this distribution. Planck’s law 
states that the surface brightness per unit area per second at wave- 
length A is: 

J = */ (10°? -1). (6) 


*In a later number of this JouRNAL the author will publish an article on 
‘Notes on the Classification of Stellar Spectra.” This will include plates obtained 


at Victoria to illustrate representative spectra of standard stars of the Yerkes 
system. 
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But the total brightness at this wave-length over the whole surface 
of the star, i.e. the luminosity, is given by: 


L = (7) 
and the absolute magnitude in terms of luminosity is given by 


log R = — 0.2 M — 0.02. (8) 


As an example, it is found that the radius of Sirius is about 1.8 
times that of the sun. 

Application of this equation indicates that main sequence stars 
are all very similar to the sun in size. The higher temperatures 
of the white stars make them brighter and the lower temperatures 
of the red stars make them fainter. On the other hand, giant stars 
appeared to have enormous diameters: Betelgeuse is larger than 
the orbit of the earth and Antares is larger than that of Mars. 
These deductions required some check if the whole theory were 
to be accepted. Fortunately, just about the time that this theory 
was developed, the required test was made. 

As far back as 1890 Michelson suggested that the separation of 
close double stars or the diameters of single stars could be found 
by allowing their light to fall only on two small separated areas 
of a telescope objective. However the principle was not applied 
until about 1920. Since only small areas were used, the method 
was adapted by placing a small mirror at each end of an I-beam 
which was erected at the top of the 100-inch telescope at Mount 
Wilson Observatory and the light from a star falling on each 
mirror was superposed at the eye-piece. If one mirror is covered, 
the image appears normal, as through a small telescope, but if 
both mirrors are used simultaneously, the stellar disk is seen to be 
crossed by a series of parallel dark fringes which are produced by 
the interference of light from the two mirrors. Without going 
into the theory, it is found that by increasing the separation of 
the mirrors, the fringes can be made to disappear for a few stars 
having appreciable angular diameters. F.G. Pease continued the 
observations after Michelson’s death, using a fifty-foot interfer- 
ometer but many of the results have not been published in detail. 
Table I gives some of the results and also the values expected 
from the above theory. It is seen that the observed and computed 
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diameters are in essential agreement; where differences occur the 
parallaxes are uncertain. 
red giants greatly exceed the sun in diameter. 


Thus our basic theory is verified: the 


TABLE I 
COMPARISON OF COMPUTED AND INTERFEROMETRIC STELLAR DIAMETERS 
| | 
| | Diameter 
Star | R.A. my | My | Spec-| Tess p d | 
1950 trum | | Inter- | Com- 
| ferom- | puted, 
| | | eter | Eqn. (8) 
| 
|h om m m | 
B Andr}| 1 07 | 2.37 K5 | 3700 | 0.043| 0.011 | 27 34 
a Arie | 2 04 | 2.23 | 0.4; K2 | 3975 | 0.044/(0.011); (27) | 24 
a Ceti | 3 00 | 282 | —0.1| gMo| 3300 | 0.013, 0.009; 77 | 62 
a Taur| 4 33 | 1.06 0.0) gK5 | 3700 | 0.051| 0.020} 42 | 38 
a Orio | 5 52 | 0.9 var| — 4.0} cM1 | 3225 | 0.011] 0.041 400 410 
a Boot |14 13 | 0.24 0.2} gK2 | 3975 | 0.087) 0.020 25 26 
aScor |16 26 | 1.22 — cMO | 3300 | 0.019; 0.040; 220 340 
aHere 12 | 3.1 var} —1.9| M5 2850 | 0.006! 0.030; 500 275 
vy Aqil |19 44 | 2.80 —0.8| K3 | 3875 | 0.018| 0.008 50 51 
é Pegs |21 42 | 2.54 — 2.3) cKo | 4150 | 0.009| 0.008| 100 71 
B Pegs |23 01 | 2.61 — 0.6| gM3 | 3025 | 0.018] 0.021; 125 110 
Column 4: Mount Wilson Catalogue of Spectroscopic Parallaxes, Ap. J. vol. 
81, p. 187, 1935. 
Column 5: Spectrum according to Mount Wilson Catalogue and Kuiper. 
Column 6: Kuiper, G. P., Ap. J. vol. 88, p. 429, 1938. 
Column 7: Yale Catalogue of Bright Stars, 1940. 
Column 8: Chiefly Mount Wilson Annual Reports, 1922-1935. 


The Two Stellar Populations. During the past few years another 
application of the Russell diagram has been made—or rather it 
has been questioned whether a single diagram such as this is 
adequate to represent all the stars in space even though most of 
the stars in our neighbourhood fit it very well. Shapley first noted 


that the globular cluster in Hercules, M13, contained an abnormal 
number of giant red stars which were much brighter than the giant 
Instead of the familiar ‘‘reversed seven” distribution 
of the Russell diagram, the absolute luminosities or magnitudes 


blue stars. 
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became brighter as the colours of the stars became redder; the 
same phenomenon was shown to occur in the other globular clusters 
as they were studied in detail. However Trumpler classified the 
galactic, or open, clusters and noted that their colour-luminosity 
arrays were similar to that of the stars in the neighbourhood of 
the sun. In spite of these results and the similarity between 
globular clusters and the nuclei of spiral nebulae, the general 
belief remained that all stars were similar, in content and evolution. 

Baade of Mount Wilson Observatory has long been interested 
in the problems of nebulae and star clusters and, in 1944, was 
able finally to resolve masses of hitherto unresolved material in 
N.G.C. 185, N.G.C. 205, and the companion to the Andromeda 
nebula; even the inner region of M 31 itself could be resolved into 
numerous faint stellar images by the use of red-sensitive plates 
with the 100-inch reflector on nights of superb seeing conditions. 
In each case the brightest stars in these members of the local 
group of nebulae could be resolved on the red plates, and at the 
upper limit of luminosity they appeared in large numbers. By 
comparing these plates with others, it was shown that these stars 
were of magnitude 213 and, since the threshold red magnitude 
for the red exposure is 20"0, these stars must have a colour index 
of + 1°3 —they are red stars and have absolute magnitudes of 
about — 2"4. From these data Baade drew important conclusions 
about the Russell diagram for this group of nebulae: the highly 
luminous O—B stars and supergiant F—M stars are missing and the 
brightest stars are about three magnitudes brighter than the usual 
K-type giants. The absolute magnitude distribution for these 
early-type nebulae is the same as for the globular clusters. There 
are also strong indications that the similarity does not stop there. 
For the globular clusters, the giant branch splits about M = 0 
into two branches, one continuing downward and the other con- 
tinuing horizontally through the F-type stars to the O’s and B's. 
This latter branch is remarkable in that it sweeps through the 
so-called Hertzsprung gap of the usual Russell diagram and tends 
to confirm the difference in these stellar distributions. It may 
also be important that the short-period Cepheids which are so 
characteristic of globular clusters are precisely in this gap. These 
differences are illustrated diagrammatically in figure 2 which Baade 
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published in his discussion of the newly resolved stellar images 
and which he has permitted us to reproduce here. 

Thus there seem to be two types of stellar population which 
Baade has called Population I, consisting of slow-moving stars in 
the neighbourhood of the sun, open clusters, and the highly- 
luminous O- and B-type stars; and Population II, consisting of 
stars in globular clusters and early-type elliptic nebulae and short- 
period Cepheids. In late-type spirals and in irregular nebulae, 
type | stars are most conspicuous but in the Magellanic Clouds, 
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Fig. 2—Russell Diagrams for the Two Types of Stellar Population 
Proposed by Baade. 


Shaded areas: Type I—Stars in the Neighbourhood of the Sun. 
Hatched areas: Type I1—Stars in Globular Clusters. 


stars of type II are also present. Thus type II may occur alone, 
but type I occurs associated with type II. 
It is interesting that Oort in 1926 suggested that the high- 


velocity stars of our own galaxy are stars of Baade’s type II when 
he found that: 


(1) the high-velocity stars do not include highly luminous O's 
and B's; 

(2) the mean absolute magnitude of dwarfs of given type are 
the same; 
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(3) the relative proportion of dwarfs to giants is higher for the 
high-velocity stars; and 

(4) the percentage of double stars among the high-velocity stars 
is only one-half to one-third that among those near the sun. 


Following Baade’s observations, Humason and Zwicky published 
results of a search for faint blue stars. They were studving the 
region of the north galactic pole and were looking particularly for 
white dwarfs. In the course of their investigation they found 
twenty-nine faint blue stars which, if they were of normal brightness 
for Population I, would be as distant as the Andromeda nebula. 
As they are single stars, this distance seems highly improbable 
and Humason and Zwicky suggest that they are actually type II 
stars, which are scattered thinly in all directions and thus appear 
in all parts of our galaxy. 


Among the most recent information on this subject, the latest 
report of the Mount Wilson and Palomar Observatories mentions 
that Baade has extended his studies a distance of 2°.5 from the 
centre of the Andromeda nebula and finds that the stars of type II 
which are predominant at the centre first become lost in the spiral 
arms but appear again with decreasing density in the clear space 
between and even beyond the outermost arms. This suggests that 
the main mass of the nebula may be provided by type II stars and 
those of type I provide only an incidental role. 

The only suggested explanation for the appearance of two main 
types of stellar population that I have noticed has been given by 
Russell. It is known that bright supergiant stars are using up 
energy at a rate which would quickly exhaust their energy sources; 
hence they may have begun their careers relatively recently. 
Since they are associated, usually, with regions of obscuration, 
theoretical investigators have suggested that stars are formed by 
condensations of interstellar matter. 


Russell suggests that (1) in this region there is interstellar matter 
which may condense into stars; (2) there is a range in mass among 
the stars so formed so that the highly luminous objects will burn 
out in a period short compared to the age of the universe; and 
(3) the amount of this pre-stellar matter varies with different 
systems. Where this matter still remains, there will be super- 
giants. Where this matter has been used up, the supergiants may 
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have disappeared but the stars of smaller mass, which use up their 
energy more slowly according to the mass-luminosity relation, may 
still be bright. It seems reasonable that a star of given mass will 
vary in luminosity during its lifetime, attaining one or more 
maximum and the longer its life, the fainter this maximum will be. 
After a given time interval this maximum would be related to the 
“age” of thecluster. The distribution of luminosities would depend 
on the initial distribution of pre-stellar mass. Then if the rela- 
tively low-maximum luminosity found for the type II stars is the 
limit for stars of an age equal to that of the group, the abrupt 
drop in luminosity found by Baade is to be expected. Mixtures of 
Populations I and II would occur where the pre-stellar matter was 
limited or distributed non-uniformly. 

It should be emphasized that the concept of two stellar popula- 
tions is relatively new and the data are not vet complete. It may 
be that the relationships have been over-simplified by considering 
only two groups but, as Shapley has pointed out, “if the two- 
population concept plays only the same part in studies of stellar 
evolution that the two star streams of Kapteyn played in the 
analysis of galactic structure, it will have been sufficiently fruitful.” 


Stellar Evolution. Since any theory of stellar evolution must 
explain the observed distribution of stars on the Russell diagram 
(though the latter does not necessarily indicate the life history 
of a star), it is fitting that we should conclude our discussion this 
evening with a few remarks concerning this fascinating, but highly 
speculative, subject. Soon after Russell constructed his diagram 
in 1913 he was struck bv its apparent connection with Sir Norman 
Lockyer’s theory, developed thirty years earlier, that a star began 
life as a distended mass of gas at a low temperature, increased in 
temperature by contraction till maximum compression was reached 
and then slowly cooled down, still contracting slightly. This 
process of evolution seemed to coincide almost exactly with the 
two principal branches of the diagram, the giants and the main 
sequence stars. However when Eddington showed that even in 
the far interior of a star matter could be compressed almost indefin- 
itely, like a perfect gas, and when the “short” time-scale of about 
three billion years for the present age of the universe was shown 
to be more probable than the “‘long”’ time-scale of about a thousand 
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billion years, the reasons for such an evolutionary course became 
less clear and it seemed that giants and dwarfs might be made up 
of completely different kinds of matter. Ideas concerning stellar 
evolution lacked plausibility and no one theory held the field. 

Then in 1939 Bethe proposed that the source of energy produc- 
tion in the sun and stars involved the transmutation of hydrogen 
into helium using carbon as a catalyst and this hypothesis has 
become generally accepted for stars of the main sequence. Taking 
this as a starting point, Gamow suggested that although the 
hydrogen is being used up, the sun is actually becoming hotter 
as a result of the greater blanketing effect of the helium—it is 
rising up the main sequence and will continue so until the hydrogen 
is gone when it will collapse and eventually become a white dwarf 
in, say, another ten billion years. The many main sequence stars 
were explained hy considering that the universe is still young and 
most stars have not progressed very far along their evolutionary 
track. Gamow suggested that the giant stars, having central 
temperatures too low for the carbon cycle to operate, radiate by 
transforming their lighter elements such as lithium and boron into 
helium in successive cycles, increasing their central temperatures 
between successive stages by contraction, until they reach the main 
sequence. However the more recent trend in such speculation 
has been similar to Russell’s original hypothesis that the stars 
move down the main sequence from the hot B- and A-type stars 
to the cool dwarf M’s, even though the details are still obscure. 
Almost any other path would require the presence of stars filling 
unobserved, vacant portions of the Russell diagram. 

The supergiant stars have always posed a difficult problem in 
the study of stellar evolution. They radiate so much energy that 
their available store of hydrogen would be used up in a mere 
hundred million years. Therefore they must be relatively new 
stars. Recently Bok and Spitzer have suggested that new stars 
are being formed continually from proto-stars, which Bok has 
identified with small dark areas in nebulous regions of the Milky 
Way. Observationally it is found that supergiants are almost 
always associated with nebulosity not only in our own system but 
also in spiral nebulae, whereas no supergiants are found in elliptical 
nebulae which do not seem to have clouds of interstellarm atter. 
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Thus one more piece in the jigsaw of stellar evolution may have 
been fitted into place. 

The final picture is still far from complete. Still to be fitted 
are the red giants (though recent work suggests that a model can 
be constructed whereby the carbon cycle may operate for them 
as well as for the main sequence stars), the sub-giants and the 
sub-dwarfs. However, many times in the past hypotheses have 
been presented and accepted as complete for a few years, only to 
be rejected when new data were obtained. To-day we tend to be 
less optimistic and, in the light of past failures and the new wealth 
of theoretical and observational data, we sometimes feel that our 
understanding of stellar evolution is less than it seemed fifty years 
ago. Finally, we must note that the age of the universe, estimated 
at present’as two or three billion years, is short, astronomically 
speaking. Most stars will not have changed greatly in that time 
and the Russell diagram may represent not an evolutionary 
sequence, but the distribution of mass among the stars when they 
were formed. 

The writer wishes to acknowledge the assistance of Dr. R. M. 
Petrie who generously made available his data on the O-, B-, 
and A-type stars for the Russell diagram, and also that of Mr. 
S. H. Draper who prepared figure 1 for reproduction. 


Dominion Astrophysical Observatory, 


Victoria, B.C. 
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OUT OF OLD BOOKS 


By HELEN SAWYER HoGG 


ASTRONOMICAL OBSERVATORIES A CENTURY AGO 


During this present great year, when the most stupendous 
telescope yet conceived has gone into action for astronomical 
research on the top of Palomar Mountain, it is interesting to turn 
back the pages of time a hundred years and consider the observa- 
tories of the world at the middle of the nineteenth century. The 
account of the locations of the telescopes which existed then may 
come as a slight surprise to some of us who have become used 
to the great industrial and intellectual power of this continent 
to-day. <A concise account of the various observatories existing 
at that time is given by Francois Arago in his Popular Astronomy, 
vol. II, p. 804, 1858, translated by Smyth and Grant. 

The editor of this volume made several corrective footnotes 
to the account, one of which Canadians in general and Torontonians 
in particular will find exceedingly amusing; but Arago’s information 
is for the most’ part accurate. For a complete account of the 
Toronto Observatory listed here, the reader is referred to Thiessen’s 
articles in this JouRNAL, vol. 34, 1940, et seq. The Bailly men- 
tioned in the second sentence of the account is the same astronomer 
whose life has just been summarized in recent issues of this JOURNAL, 
Mav-December, 1949. 


ON OBSERVATORIES, ON ASTRONOMICAL OBSERVATIONS, 
AND ON THE CIRCUMSTANCES WHICH FAVOUR THEM 


It cannot be expected that astronomical discoveries of great importance 
will be achieved, except in establishments specially constructed with a solidity 
which will stand any test, and with the aid of delicate instruments. As Bailly 
says, we must for the observation of the stars, have a place which combines 
both the serenity of the heavens and the silence of retirement. 

In 1561, William IV., Landgrave of Hesse, caused an observatory to be built 
at the Castle of Cassel, wherein he placed instruments which enabled him to 
construct the catalogue of 900 stars, for which science is indebted to him. 

It was in the island of Huen, that the observatory of Uranibourg was erected, 
in which Tycho-Brahé, between the years 1580-1597, executed the countless 
and beautiful observations which have been employed in establishing modern 
astronomy. 
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The solicitations of Longomontanus induced Denmark, at a subsequent 
period, to establish the observatory of Copenhagen, which was commenced in 
1632 and finished in 1656. 

In 1641 Hevelius built at Dantzic, on his own house, an observatory which 
was the theatre of all his labours. 

The observatory of Paris was constructed under the reign of Louis XIV. 
from a design of Claude Perrault, the celebrated architect of the colonnade of 
the Louvre. On the 20th and 21st of June, 1667, the original members of the 
French Academy of Sciences determined the direction of the principal walls 
by astronomical observations, but operations were not seriously commenced till 
the next year. 

The edifice was completed in the year 1671; it cost two millions of francs. 
According to an original project, the observatory would have contained not only 
all the means of following the movements of the heavenly bodies, but models of 
the various machines which might appear susceptible of useful application, and 
even laboratories for the pursuit of chemistry. The Academy of Sciences was to 
have held its sittings there. This project having been modified during the course 
of the operations, the edifice was exclusively set apart for the cultivation of astro- 
nomy. Unfortunately, the architect, although imperfectly acquainted with the 
requirements of observers, consulted them rarely, or refused to follow their advice. 
In his opinion an observatory must necessarily be very lofty. He accordingly 
constructed an immense edifice, in which it was impossible to perceive all the 
regions of the heavens, except by occupying a position in the open air, upon the 
flat roof. Everywhere else the mass of the building offered a most annoying 
obstacle to observation. 

Perrault supposed that modern astronomers could not dispense with a gnomon. 
He accordingly placed in the centre of his edifice, an immense apartment of great 
height, ranging from south to north. If its commencement was signalised by this 
primitive instrument, the Observatory of Paris has, at any rate, been furnished 
in succession with the most perfect appliances which astronomers and physicists 
have from time to time invented, and which the best artists have constructed. 

The Observatory of Greenwich was built during the reign of Charles II. It 
was finished in the month of August, 1676, at which time Flamsteed established 
himself in it, to commence the numerous series of observations which form the 
basis of the ‘‘Historia Coelestis Britannica.” 

Several other observatories were soon afterwards erected. The Observatory of 
Leyden was built in the year 1690; the Observatory of Nuremberg in 1692; that 
of Bologna in 1709; the Observatory of Berlin in 1710; that of Altorf in 1713; the 
Observatory of Lisbon in 1722; the Observatory of St. Petersburg in 1725, and 
that of Utrecht in 1727. 

In the nineteenth century all the Governments of Europe appear to have con- 
curred in either improving the existing observatories or founding new ones. In 
Great Britain, besides the Observatory of Greenwich, rendered illustrious by 
Flamsteed, Halley, Bradley, Maskelyne, Pond, and Airy, there have been con- 
structed the observatories of Edinburgh, Glasgow, Cambridge, Durham, Oxford, 
Dublin, Armagh, Markree, Liverpool, Aberdeen, Ashurst, Bedford, Birr Castle 
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Blenheim, Bushey Heath, Kensington, Makerstoun, Ormskirk, Portsmouth, 
Regent’s Park, Richmond, South Kilworth, Starfield, and, finally, that of Slough, 
celebrated for the labours of Sir William Herschel.' 

Denmark, besides the Observatory of Copenhagen, possesses at Altona a model 
observatory. Sweden has established excellent observatories at Stockholm, at 
Upsala, and Christiania. 

Russia—not content with having founded very useful observatories at Dorpat, 
at Abo, at Helsingfors, at Kieu, at Mitau, at Kasan, at Moscow, at Wilna, at 
Warsaw, at Nicolaieoff, on the Black Sea—was desirous that St. Petersburg should 
possess a veritable astronomical monument, and has accordingly erected such an 
observatory on the eminence of Pulkowa. 

Prussia, besides erecting a new observatory at Berlin, possesses similar estab- 
lishments at Bonn; at Bilk?, near Diisseldorf; at Breslau; and at Kénigsberg. 

Bavaria may boast of the astronomical establishment founded at Munich. 
Hanover possesses one at Géttingen. The Grand Duchy of Baden has one at 
Manheim. The towns of Hamburgh and Bremen have erected observatories. 
Switzerland has similar establishments at Geneva, Berne, and Zurich. In Austria 
there are the observatories of Kremsmiinster, Prague, Senftenburg’, and Buda. 
In Belgium there is the Observatory of Brussels; in Spain, that of Cadiz. 

In France, besides the Observatory of Paris, there are astronomical establish- 
ments at Marseilles and Toulouse. 

In Italy there are the Observatories of Avulli, Bologna, Verona, Palermo, Capo 
di Monte, Florence, Milan, Padua, Turin, Parma, and Rome. 

The New World, in its turn, has taken a deep interest in astronomical re- 
searches. The United States of America possess magnificant observatories at 
Cincinnati, Washington, Toronto’, and Cambridge. At the Antilles there is an 
observatory in the Isle of St. Croix. In the State of Chili, in South America, there 
is the Observatory of Santiage. 

In the English colonies, we may mention the excellent observatories of Malta, 
the Cape of Good Hope, St. Helena, Sidney, Madras, and Benares.’ Finally, we 
must also mention the remarkable observatory constructed by the Rajah Tre- 
vandrum, near Cape Comorin; and in China, the Imperial Observatory of Pekin. 

Taking all into account, there exist at least ninety observatories in the middle 
of the nineteenth century. 


‘Of these only the observatories of Greenwich, Oxford, Cambridge, Edin- 
burgh, Durham, Liverpool, Regent’s Park, Birr Castle, and Markree, are at 
present in active operation.—(Editor.) 

*The Observatory of Bilk is a private establishment.—(Editor.) 

3This is a private observatory.—(Editor.) 

‘Toronto is not in the United States. It is the capital of Canada West. 
Moreover, the observatory is a meteorological, not an astronomical establishment. 
—(Editor.) 

5The only observatories in this list at present in a state of activity are those 
of the Cape of Good Hope and Madras. An observatory has quite recently been 


erected at Sidney, at which operations are about to commence, or already have 
commenced.—(Editor.) 
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The public have always exhibited a strong desire to visit observatories. The 
operations executed at those establishments are not, however, of a nature to 
satisfy curiosity. It is only during the most profound tranquillity, removed from 
every kind of distraction, that astronomers are able to give to their observations 
all the precision which the progress of science now demands. 

The most able of practical astronomers have frequent cause to be astonished 
that during a sky which, from its purity, would appear to be very favourable to 
the study of the physical constitution of the heavenly bodies, large telescopes do 
not work well. The circumstances which render telescopic images diffuse, ill- 
defined, and undulating, are not yet either completely known or defined with 
sufficient precision. 

I shall here collect together various remarks which amateurs of astronomy will 
perhaps read with interest. They are chiefly to be found scattered throughout 
the numerous papers of Sir William Herschel. 

No delicate operation—that is to say, no observation requiring a high magni- 
fying power—will succeed, if we endeavour to execute it by looking through the 
window of ah apartment, or through the aperture in the roof of an observatory. 

It is right to avoid sheltered places, even when the telescope is placed in the 
open air. 

If the wind blows, the telescopic images are not in general very distinct. The 
wind must occasion this injurious effect by mingling together the atmospheric 
strata of different temperatures.'! 

The aurora borealis sometimes vitiates astronomical observations. It appears 
to render objects undulating. Usually, however, it produces no effect. 

If it be true, as Herschel supposes, with several meteorologists, that the aurora 
borealis is an indication (cause or effect) of great changes of temperature in the 
different regions of the atmosphere, its influence ought to be assimilated to that 
of the wind. 

A celestial body never appears well defined when the rays by which we see it, 
pass a little above the roof of a building. In effect, above a roof there is always 
a movement of the air, occasioned by the mingling together of strata unequally 
heated. 

When the atmosphere is very dry, telescopes do not act well. 

When the atmosphere, on the other hand, is much loaded with moisture, the 
images of objects are remarkably well defined. 

This clearness of definition also exists during a hazy state of the atmosphere, 
and especially during a fog. A fog leaves to images all the sharpness of their 


1Herschel, perhaps, when he drew up this aphorism of Practical Astronomy 
under the influence of a special fact, was led to generalise too hastily. In effect, 
I find the following remarks in the ‘‘Philosophical Transactions’’ for 1815, page 
322:—"‘The wind does not injure the definition of telescopic images. During 
violent winds the observer may employ considerable magnifying powers, pro- 
vided the instrument is steady.” I do not know if the great observer ever re- 
marked to what extent he has contradicted himself in regard to the influence of 
the wind on astronomical observations.—(A uthor.) 
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contours until the instant when the obscuration is so great as to cause them 
totally to disappear. 

Sometimes it happens that, during apparently very favourable weather, the 
stars appear ill defined. This circumstance may arise from the presence of a dry 
air which an east wind has introduced into the upper regions of the atmosphere, 
or from the mingling together of strata of different temperatures—the result of 
a conflict of winds in the upper regions blowing in different directions. 

When a sudden frost succeeds mild weather, when a thaw all at once follows 
a long-continued frost, the stars appear ill-defined in telescopes. Nor can good 
results be expected when a telescope is hastily removed from a warm apartment 
into the open air. 

To generalize, we may remark, that if the mirror of the instrument is not at 
the temperature of the air which surrounds it, the vision will be indistinct. In 
that case, it will not be attended with any advantage to employ high magnifying 
powers. 


Few astronomers, either professional or amateur, have not at 
some time waited a bit impatiently for an instrument to be com- 
pleted. Some of us, smarting under the shortages of the last 
great. war, may have been misled into forgetting that earlier 
astronomers lived through wars and shortages too. For these 
reasons I found the following passage both amusing and comforting 
when I came across it in the Harvard Observatory copy of the 
delightful old periodical Correspondance Astronomique by Baron 
de Zach. In this periodical, vol. 3, September, 1819, in the division 
of the journal entitled Nouvelles et Annonces, p. 30+, in an article 
by de Zach on the Observatoire Royal de Marlia, we translate: 


This portrayal explains still another reason why it is so difficult to obtain 
some instruments that one needs from these artists. M. Cassini, for example. 
had ordered in 1787 a six-foot transit instrument, and a mural quadrant of eight 
feet; M. Ramsden promised the meridian telescope during the course of the year 
1788; it arrived at the Paris Observatory in 1804; that is to say, SEVENTEEN 
years after having been ordered, SUXTEEN years after having been promised, 
FIFTEEN years after having been paid for, and FOUR years after the death of 
M. Ramsden.! Thisinstrument had been finished by his chief workman M. Berge; 
from 1789 on it had been for the most part paid for. As for the mural quadrant 
M. Cassini has always believed that this great artist occupied himself with it 
solely in words and meditation. 

Here is an admonition to all our kind readers, be they astronomers, be they 
amateurs, be they artists, let each one do his part; I count also in doing my 
share; for I hope by this to awaken some consciences, to calm some anxieties, and 
to avoid some inconveniences. 


1M. Ramsden died at Lourdes the 5th of November 1800. 
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NOTES AND QUERIES 


Honour For Dr. HELEN SAwyER Hocc 


At the annual meeting of the American Astronomical Society at 
Tucson, Arizona, December 29, 1949, it was announced that the Annie 
Jump Cannon Prize had been awarded to Helen Sawyer Hogg of the 
David Dunlap Observatory of the University of Toronto. This gave 
great pleasure to her colleagues on the staff of the Observatory as 
well as to her many friends elsewhere. 

Miss Annie J. Cannon was for many years an astronomer at the 
Harvard Observatory, and her work there provided contacts with 
astronomers in all parts of the world. She was elected an Associate of 
the Royal Astronomical Society of London and Oxford University 
conferred on her the honorary degree of LI.D. She died in 1941. By 
a gift in 1933 she established a Medal and Cash Prize to be awarded 
once in three years to a woman astronomer anywhere in the world 
for outstanding contributions to astronomy. Miss Cannon’s donation 
to the American Astronomical Society originated in a prize awarded 
to her by the Association to Aid Scientific Work by Women. The 
Annie Jump Cannon Prize was first given in 1934. This is the first 
occasion on which it has come to Canada. 

Mrs. Hogg’s special line of research is of variable stars in globular 
star clusters. This field of study was originated at the Harvard 
Observatory and it was while a graduate student there (she is A.B. of 
Mount Holyoke) that she began her studies. Another graduate student 
was Frank S. Hogg, from the University of Toronto, whom she 
married. The latter has been on the staff of the Dunlap Observatory 
since its opening in 1935 and is now its Director. In her studies Mrs. 
Hogg uses largely photographs taken with the 74-inch telescope of the 
Observatory. In addition to these, she uses also several hundred 
photographs she took during the years 1931-1934, with the 72-inch 
reflector at the Dominion Astrophysical Observatory, Victoria, B.C. ; 
and 300 photographs she obtained in 1939 during a two month visit 
at the Steward Observatory of the University of Arizona, in Tucson, 
Arizona. 

Mrs. Hogg also gives instruction in the University of Toronto. 
They have three children, a daughter who is a student in English in 
her first year at the University and two boys aged fourteen and twelve. 


C.A.C. 
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A New TELEscorpe For A NEw Project 

From Harvard Observatory comes news of an important expedi- 
tion to South Africa. A team of astronomers from the Harvard 
College Observatory will depart next month to begin an 18-month 
study of the outer reaches of the Universe. This project, which the 
astronomers call the “Hub of the Universe” expedition, will explore 
the 30,000 light years of space between planet Earth and the centre 
of the Milky Way. Upwards of one million stars and other inter- 
stellar bodies will be studied. 

The over-all project is under the direction of Professor Harlow 
Shapley, Director of the Harvard College Observatory. Professor 
Bart J. Bok, Associate Director of the Observatory, who is one of 
three Harvard astronomers making the trip to South Africa, is in 
charge of the actual expedition. 

Primary purpose of the expedition is to gather new and basic 
knowledge on the central star clouds of the southern constellations 
of Sagittarius and Scorpio. Another aim of the expedition is to dis- 
cover clues to the origins of stars in the interstellar dust and gases 
in the centre of the Milky Way. 

A new type of telescope and the world’s largest objective prism 
will be used for the first time by these astronomers. The telescope, 
a large Baker-Schmidt type of instrument, will enable the observers 
to undertake detailed explorations of our Milky Way to distances of 
30,000 light-years. 

Discussing the role of the new telescope, Dr. Bok said: 

This new telescope will enable us to undertake a complete census of the 
stellar population in the central regions of the Milky Way. A discovery by 


Dr. Shapley of the Observatory 30 years ago revealed that our solar system 
was not in the centre of the Milky Way, but 30,000 light-years away from 
the centre. 

Thousands of distant and faint variable stars have been observed in this 
unexplored area. We now want to learn more about the central stellar 
arrangement and to make a census of the stellar population near the centre. 
We also expect to learn more about the gas and dust of interstellar space and 
its role in cosmic evolution and star origins. 

The study of the distribution of faint galaxies in the constellations 
Sagittarius and Scorpio should help in determining the shape of the central 
bulge of our galaxy. 


The new telescope, designed by James C. Baker, Research As- 
sociate of the Harvard College Observatory, is nearing completion 
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at the Perkin-Elmer Corporation in Glenbrook, Connecticut. It has 
two mirrors and a correcting lens with a free aperture of 32 inches 
and a focal length of 120 inches. This telescope, according to Dr. 
Bok, should produce star images of perfect quality over an area of 
the sky equal to almost 100 times the area covered by the full moon. 
A full-aperture, 33-inch objective prism, also being constructed by 
Perkin-Elmer, is expected to be the world’s largest prism. 

Astronomers from observatories in Northern Ireland and Erie 
will share the observing time with the Harvard scientists, but will 
work on different projects. When set up in South Africa, the new 
telescope will bear the initials “ADH”. These stand for the obser- 
vatories of Armagh in Northern Ireland, Dunsink in Eire and Har- 
vard, the observatories which joined in building the telescope. 

Headquarters for the expedition will be at the Boyden Station 
of the Harvard Observatory in Bloemfontein in the Orange Free 
State, South Africa. Southernmost of Harvard’s five observing 
stations, this observatory is located at a latitude of 30° south. At 
this spot, the centre of the Milky Way passes directly overhead. 
In our northern latitudes, these same parts of the Milky Way never 
rise higher than 20 degrees, a position too low for good observation. 

The work in South Africa, only the first step in a five-year pro- 
ject, will consist mainly in accumulating photographs and measuring 
the brightness and colours of stars and their spectra, or distribution 
of colour. When the group returns to Harvard in the fall of 1951, 
specialists in several fields of astronomy will begin to study the 
thousands of photographs. 


F.S.H. 
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MEETINGS OF THE SOCIETY 


AT TORONTO 

November 22, 1949.—The meeting was held in McLennan Laboratory with 
Mr. A. R. Clute, the President, in the chair. 

Four applicants for membership, nominated at the meeting on November 8th, 
were elected. Three new applicants for membership were nominated as follows :— 

Mr. Orest Cochkanoff, 56 Tranby Ave., Toronto. 
Miss Ethel E. Coates, 42 Strathearn Blvd., Toronto. 
Mr. Warren Eyre, 47 Yonge St., Toronto. 

The Chairman then called upon Dr. Leo Goldberg, Director of the University 
of Michigan Observatory, to address the meeting on the subject: “Exploring 
the Atmosphere of the Sun and Earth.” ; 

The speaker first emphasized the importance of studying the sun, our nearest 
star and the only one close enough to observe in detail, which may be taken as a 
sample of the stars. It is also necessary to us as our source of life and energy. 
Changes in the activity on the sun’s surface influence activity on the earth and 
also affect human welfare. Solar investigations are receiving the financial sup- 
port of governments, foundations and other organizations, and many observa- 
tories are being built in various parts of the world. 

There are several purposes in studying the sun,—1. To determine, if possible, 
an intimate relation between activity on the sun and in the atmosphere of the 
earth. The sun removes electrons from the different strata of the earth’s atmos- 
phere. The electrically charged layers reflect radio sky waves back to the earth 
and as disturbances on the sun change the levels of these layers, the distance 
range for radio communication on given carrier frequencies is varied accordingly. 
Thus a change in level of a layer may cause a radio station to fade out un- 
expectedly at the receiver. By solar investigations, astronomers are trying to 
predict changes in radio communication levels, in both strength of signal and 
distance range according to the carrier frequency used. Industrial corporations 
have problems caused by magnetic storms which appear to be associated with 
solar activities. Electric power companies suffer from relay chattering and 
excessive currents on transmission lines. 

2. To assist in the study of meteorology. As the sun controls the weather, 
producing winds and keeping equilibrium in temperature, any relationship that 
can be determined between solar disturbances and weather changes will assist 
greatly in making meteorological predictions based upon astronomical observa- 
tions. 

It is thought that carbon dioxide plays an important role in controlling 
temperature on the earth. The spectroscope can aid in measuring the amount of 
this gas in the earth’s atmosphere by studying the infra-red radiations of the sun 
by means of photocells. It may be possible in this way to determine also the 
temperatures of methane and carbon dioxide in the atmosphere, and hence the 
temperatures of the different layers of the atmosphere. 
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3. To find, possibly, a preventative procedure against silicosis, as it is thought 
that this pulmonary disease, to which miners in quartz rock and other workers 
who inhale silica dust are particularly subject, is caused by piezo-electric 
crystals, suspended with dust in the air, which vibrate at certain frequencies. 
The effects of nullifying or controlling these vibrations is being studied. 

Dr. Goldberg showed several slides of sun-spot changes and solar clouds, 
which have caused interference with radio communication. These were followed 
by even more interesting illustrations of changes in prominences, all photo- 
graphs having been taken by monochromatic light. 

Two very instructive motion picture films were then presented, showing 
prominences forming, rising and falling back into the sun. These were remark- 
able photographs of solar activity and prompted many queries as to the evident 
floating of the clouds for indefinite periods and then their rather sudden dis- 
integration and accelerating descent into the chromosphere in the form of 
smaller individual masses of cloud material. 

The speaker explained that the sun generates energy by changing hydrogen 
into helium, about ninety-nine per cent. of the material of the sun being hydrogen 
in gaseous form. The sun’s mass is shrinking at the rate of four million tons 
per second but, relative to the total mass, this reduction is not noticeable. 

In proposing a vote of thanks to the speaker, Dr. F. S. Hogg mentioned that 
Dr. Goldberg is the Director of six observatories, one of which is in South 
Africa. 


December 6, 1949.—The meeting was in McLennan Laboratory; Chairman, 
Mr. A. R. Clute, President. 


Three applicants for membership, nominated at the meeting on November 22, 
were elected. Upon motion by Dr. F. S. Hogg, and approval of the meeting, 
Bylaw No. 1 was suspended for this occasion and one new applicant, Mr. Frank 
Sumi, 87 Hayden St., Toronto, was nominated and elected to membership. 

The President, Mr. A. R. Clute, then addressed the meeting on the subject, 
“The Trials of Galileo.” This address will be published later as an article in 
this JOURNAL. 

The speaker illuminated his address by many direct quotations of statements 
made by Galileo and his accusers, and proved the weakness and biased nature 
of the trials by the heretical and hysterical thoughts that were brought to bear 
against the proper course of justice. 

In expressing the appreciation of the members, Dr. F. S. Hogg stressed the 
importance of Galileo’s part in promoting the understanding of the mechanism of 
the solar system which is now accepted, and paid tribute to the fine legal 
presentation of the facts by our President. 

The general meeting was adjourned, and followed by the annual business 
meeti the Toronto Centre. 

F. K. Datton, Recorder 
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The Royal Astronomical Society of Canada 
OFFICERS FOR 1949 


Honorary Prestdent—THE HONOURABLE Dana A. PorTER, Minister of Education tor the 
Province of Ontario 

President— ANDREW THOMSON, M.A., Toronto 

First Vice-Presideni—C. ALS, Pu.D., Ottawa 

Second Vsce-President—J. HEARD, PuH.D., Toronto 

General Secretary—E. J. A Kanne py, 3 Willcocks St., Toronto 

General Treasurer—J. H. HorNiNG, M.A., Toronto 

Recorder—H. W. BARKER, Toronto 

Librarian—D. W. Best, D.D., Toronto 

General Council—CHARLEs A. ‘BELL, B.A., Windsor; ALBERIC BoIvIN, B. P.Q.3 
A. J. Cook, Edmonton, Alta.; F. De KINDER, Montreal P.Q.; M. J. S. IN» NES, M. Fi 
Ottawa; GORDON R. MAGEE, Pu. »D., ndon; L. T. S. Norris-E.LyYe, Winni ipeg, Man,.; 
Rutu J. Nortucott, M.A., “GORDON SHAW, Victoria, B.C.; G. M. Surum, 
Pu.D.. Vancouver, B.C.; W. D. Stewart B.A., Hamilton; F. L. Troyer, Toronto, 
and Past-Presidents—J. W. CAMPBELL, Pu.D., and A. E. Jouns, Pu D.; also the presi- 
ding officer of each centre. 

TORONTO CENTRE 


Honorary President—C. A. CHANT, Pu.D. President—A. R. CLute, K.C. 

First Vice-Prestident—FRANK S. Px.D. 

Second Vice-President and Secretary—FREDERIC L. TROYER, 43 Adelaide St. E., Toronto 1. 

Treasurer—T. H. Mason Recorder—F. KEITH DALTON, B.Sc. 

Council—D. S. Pu.D.; Georce T. DALE; T. GRAHAM; GORDON HEPBURN, 
3.A.Sc.; Miss A. Hiscock; RAYMOND PEARCE; T. N. SmitH; R. E. WILLIAMSON, PH.D.; 
and NORMAN N. WronG, M.D., and the Past Presidents—E. J. A. KENNEDY; J. R. 
Cotutns; S. C. Brown; Rev. D. W. Best; Miss Rutu J. Nortucott, M.A.; H. W 

BARKER and J. HEARD, PH.D. 


OTTAWA CENTRE 


Honorary President—R. M. Stewart, M.A. President—P. M. MIL-MAN, Pu.D. 

First Vice-President—Dr. D. A. MacLuticn Second Vice-President—M. J. S. INNES, M.A. 

Secretary— Miss C. B. Hicks, B.A., B.L.S., 43 Florence St., Apt. 2, Ottawa, Ontario. 

Treasurer—S. A. Mott 

Council—C. S. Beats, Pu.D.; F. W. MatLey; Miriam S. BuRLAND, B.A. GEORGE 
OLTMANN; R. G. MADILL; Past Presidents—T. L Tanton, Pu.D.; LLoyp, 

M.A.; M. M. Tuomson, B.A. 


HAMILTON CENTRE 

Honorary President—W. T. GopDaRD President—T. M. Norton 

V ice-President—W. J. MCCALLion, M.A. 

Secretary-Treasurer—GEORGE MuRCHIE, 77 Fennel Ave. W., Hamilton, Ont. 

Curator—G. E. CAMPBELL, M.A. 

Council— Rev. E. F. MAUNSELL, M.A.; F. SCHNEIDER; F. SisMan; W. D. Stewart, B.A.; 
L. O. Jones; O. J. Paton; J. E. CRAIGMYLE; B. WISHART. 


WINNIPEG CENTRE 


Honorary President—Dnr. L. A. H. WARREN President—H. E. RASMUSSEN 
Vice-President—C. G. CarD Treasurer— Miss Me WATTERSON 
Secretary and Recor der—Miss P. Fox, 607 South Drive, Fort Garry, Manitoba. 

Council—C. L. Carp; T. S. Norris-E.Lye; H. C. FairFIELD; A. V. THoMas: V.C. JoNnEs; 


R. Coats. 
VICTORIA CENTRE 

Honorary President—Dr. R. M. PETRIE President—Dnr. J. S. STEVENSON 
First Vice-President—Mnrs. J. R. NOBLE : Second Vice-President—R. S. Evans 
Secretary-Treasurer— Mrs. J. H. WittiamMs, Dominion Astrophysical Observatory, Victoria, 

British Columbia 
Recorder—R. C. FAIRALL Director of Telescopes—R. PETERS 
Librarian—E. H. 
Council—Mrs. E. CuesmMan; G. L. Darimont; JOHN JERVIS; REv. T. TayLor; M. C. 
PRUEMAN; F. R. WILLIAMS; Mrs. C. S. YARWooD 


MONTREAL CENTRE 


ilonurary President—G. H. HALL V A. N. SHAW 
President—). W. DUFFIE Vice-President—F. DE KINDER 
Secretary—H. F. Hatt, 1441 Drummond St., Montreal, P.Q. 

Recording Secretary—MiIss I. K. WILLIAMSON Treasurer—C. N.S. YARNELL 
Director of Observations—DELISLE GARNEAU Librarian—C. M. Goon 
Past President—D. P. Gitmor, K.C. 

Council—Dr. W. B. Ross; Dr. D. E. DouGias; E. E. BripGen; A. M. DoNNELLY; Ross 
Forp; ARTHUR KNEELAND; A. R. MACLENNAN; F. P. MorGan; W. H. C. Morton; 
E. R. PATERSON. 


LONDON CENTRE 
Honorary President—Dr. H. R. KINGSTON President—ALBERT EMSLEY 
V ice-President— Rev. W. G. COLGROVE 

Secretary-Treasurer—Mrs. A. Davies, 197 Central Ave., London, Ont. 

Past President—Dr. A. J. Watt 

Council—-O. K1LBuRN; Mrs. J. C. Hiccins; M. O. CuLBert; J. W. Bryce; E. E. O'Connor 
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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 
1949-1950 


The Society was incorporated in 1890 under the name of The Astronomical 
and Physical Society of Toronto, and assumed its present name in 1903. 

For many years the Toronto organization existed alone, but now the 
Society is national in extent, having active Centres in Montreal and Quebec. 
P.Q.; Ottawa, Toronto, Hamilton, Guelph, London, and Windsor, Ontario: 
Winnipeg, Man.; Saskatoon, Sask.; Edmonton, Alta.; Vancouver and Victoria, 
B.C. As well as nearly 1500 members of these Canadian centres, there are over 
400 members not attached to any Centre, mostly resident in other nations, 
while some 160 additional institutions or persons subscribe to our publications. 

The Society publishes a bi-monthly “Journal” containing about 350 pages 
and a yearly “Observer's Handbook” of 80 pages. Single copies of the 
“Journal” are 50 cents, and of the “Handbook,” 40 cents. 

Membership is open to anyone interested in astronomy. Annual dues, 
$3.00; life membership, $40.00. Publications are sent free to all members or 
may be subscribed for separately. Applications for membership or publications 
may be made to the General Secretary, 3 Willcocks St., Toronto. 


VANCOUVER CENTRE 

President— A. OUTRAM Vsce-President—Dr. A. M. Crooxer 

Secretary—D. ING, 3350 Manitoba St., Vancouver, B.C. Trecsurer— Miss G. W. OWEN 

Recording Secretary—P N. Daykin 

Council— Mrs. L. ANDERSON; C ARL JORGENSEN; Dr. R. Jj. Crark; E. Price; Dr. K C. 
Mann; Dr. O. BLUH: Mrs C. Rocers; C. Leaver; J Watters; N. D. B. PHILurps: 

N. BarToN: Lt Com. C. A. McDonaLb: M. T SPENCE 


EDMONTON ENTRE 
Honorary President—Dr. J. W. CAMPBELL Pressdeni—aA. ~TOCKWELI 
Vsce-Prestdent— Dr. E. W. SHELDON 

Secretary— Dr. E. H. Gowan, University of Alberta, Edmonton, Alta 

Treasurer— Miss A. M. P. SMitH Librarian— Prof. E. S. KEEPING 
Council—H. M. Burt; M. B. B. Crockrorb; S. G. Deane; Pror. E. Puissps and Past 
President Dr. D. B. Scott. 


QUEBEC CENTRE (CENTRE DE QuEBEC) 

Patron— MGR. FERDINAND VaNnpRy, P.A., V.G., Recteur de l’université Laval 

Président Hionvraire—ARTHUR Amos, LC. Président d'o fice—GEORGES-ETIENNE GAGNE 

ter Vice-President—ALBERIC BOIVIN and Vice-président—CHARLES-AIME GrRoUX 

Secrétaire-trésorier-—Pavut-H. Napeav, 275, rue Saint-Cyrille, Quebec, P.Q. 

Secrétatre adjoint—MLte LILIaANe BEAULIEU Publiciste—Lton D. Drscarreaux 

Membres du Conseiti—_ Rosario Benoit; JEAN-CHs. MAGNAN; J. LuCIEN PouLtot; 
ALFRED Dion; RENE CONSTANTINEAU; ALBERT DUBERGER; OSCAR VILLENEUVE; 
CLAUDE FREMONT; JEAN-PIERRE BERNIER. 


WINDSOR CENTRE 


Honorary President—Pror. O. C. MOHLER, P#.D., McMath-Hulbert Observatory 

President—D. C. BAWTENHEIMER Vice-President —Cuartes A. BELL, B.A. 

Treasurer—Jack Evzovitcn, B.S.E.E. 

Secretary-—Hexry Ler, B.S.E.E., 4271 Riverside Drive, Windsor 

Librarian— DONALD CRAPPER Assistant Librarian—JAMES BRYANT 

Council —Huc H CUNNINGHAM, B.A.; Davip GEAUVREAU; REx Bicks; DAN RAHN; R. C. 
SurTEES; Jupce J. & CovuGHLIN, and Past Presidents—Cyri HALLAM, B.A., CAMERON 

Montrose, B.A.S.C 


SASKATOON CENTRE 


Honorary President—Dr. E. L. HARRINGTON President—J. H. Erwin 

Vice-Presideri—Dr. W eee Treasurer—Pror. W. W. HAWKINS 

Secretary— Miss Atma E “rene Dept. of Mathematics. University of Sask 

Recording Se-retary—G. SMAL 

Council—Dr B. W. CurRRIE; De. W. H. Warte; J. R. Martin; L. N. LeVatiey;: R. H. 
Trickery: A Fax; J. A. 


GUELPH CENTRE 
Honorary President—W. R. Reep. M.B.E.. F.R.A.S President—Pror. R. C. Morratt 


rst Vice-President—Pror. V. C. LOWELL 2nd SFEKINS 
Treasnrer—S. B. MacKay 

Secrelary— FRANK BRAuCHT, 65 Paisley Street, Gueiph 

Counct.—H. Westosy, W. T. Patterson, T. J. HeeGc B.S.A., F. F. Morwickx, A Davey, 
Cot. L. E. Jones, Mrs. P. MockKForp 


CENTRE FRANCAIS DE MONTREAL 


Honorary President—J]. Ernest GENDREAU President—]JEAN ASSELIN 
Vice-Prestdent—-J]. AMEv&E BuTEAU Secretary-Treasurer—Josreru R. Lepuc 
Recording Secretary—GERARD BEAUDRY Director of Observatsons—DELISLE GARNEAU 


Librarian— RoGeR BoNIN 
Council—Rév. FREReE ROBERT, F.E.c.; ARTHUR AMos; Hector J. EDGAR 
GuItmMont; JEAN-JACQUES LEFEBVRE; BERNARD BOUCHER; JACQUES DESJARDINS. 
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